Esophageal squamous cell carcinoma (ESCC), a major histological subtype of esophageal cancer, is a common cause of tumor-related deaths in the world. Due to the lack of understanding of the pathogenesis of ESCC, its clinical treatment is still a big challenge. In the present study, we aimed to identify an ESCC-related gene in the GEO dataset, and to explore its function and mechanism in ESCC.
Background
Esophageal squamous cell carcinoma (ESCC) has become one of the most frequently occurring digestive system tumors in the world [1] . For instance, according to the estimation of the American Cancer Society, approximately 16 940 new ESCC cases (13 360 male and 3580 female) will be diagnosed and 15 690 deaths (12 720 males and 2970 females) will occur every year in the United States [2] . Multiple genetic and environmental factors are thought to contribute to the etiology of ESCC, such as diet, obesity, consumption of tobacco and alcohol, low intake of vegetables, and poor nutrition status [3] . Despite the tremendous progress has been achieved in the research of ESCC during the past several years, its survival prognosis remains poor [4, 5] . It is notable that a better understanding of the pathogenesis of ESCC will provide critical information for improving the survival prognosis and life quality of patients.
Phosphoinositide 3-kinases (PI3Ks) can be divided into 3 different classes (I-III) and are a group of enzymes that can phosphorylate the 3-hydroxyl of phosphatidylinositol lipid substrates [6] . PI3Ks has been reported to be correlated with multiple cellular processes, including cell growth, differentiation, apoptosis, and intracellular trafficking, which in turn have been associated with tumor development [7] . PIK3C3, also referred to as vacuolar protein sorting 34, is the only member of the class III of the PI3K family [6] . Previous studies have shown that PIK3C3 might play an important role during the autophagy process of tumor cells, implying the potential utility of PIK3C3 as a therapeutic target for tumor [8, 9] . However, up to now, few publications have specifically investigated the role of PIK3C3 in the tumorigenesis of ESCC.
MicroRNAs (miRNAs) are a group of endogenous short noncoding RNAs involved in diverse cellular functions such as cell cycle, survival, differentiation and development [10, 11] . By directly binding to their target message RNAs (mRNAs), microRNAs (miRNAs) could specifically modulate the protein expression through suppressing translation or damaging the target mRNAs [12] . Numerous miRNAs were revealed to be dysregulated in various of human tumors, and a part of these dysregulated miRNAs have already been demonstrated to be involved in the pathological conditions in tumor cell [13] . Currently, the implication of miRNAs in ESCC have also been well documented by numerous studies, where more and more ESCC-related miRNAs have been identified, such as miR-27a, miR-33a-5p, miR-134, and miR-4324 [14] [15] [16] [17] . Nevertheless, the entire regulatory network of miRNAs in ESCC still remains unknown.
To further investigate the molecular mechanisms of ESCC, we performed differentially expressed genes analysis in the GSE100492 dataset using the GEO2R method. PIK3C3 was identified to be remarkably decreased in ESCC samples compared to adjacent normal tissue. In the functional examinations, we demonstrated that PIK3C3 overexpression not only repressed ESCC cell proliferation, but also enhanced the sensitivity of ESCC cell to irradiation. In the exploration of underlying mechanisms, we found that PIK3C3 could be bind to and be negatively modulated by miR-340-5p, and overexpression of PIK3C3 could reverse the promotive influences of miR-340-5p on ESCC cell proliferation. In conclusion, our findings suggested that PIK3C3 serves as a tumor repressor by interacting with miR-340-5p in ESCC cells in vitro.
Material and Methods

Microarray datasets
The GSE dataset GSE100492 consisting of 10 samples was downloaded from the GEO database (https://www.ncbi.nlm. nih.gov/geo/) and analyzed using GEO2R.
ESCC tumor sample collection and cell culture
Human ESCC tissue samples and matched normal tissue samples were collected from patients who underwent esophagus resection at the First People's Hospital of Nantong between 2017 and 2019. Tissue samples were kept at -80°C until further study. Written informed consents were provided by all participants. Human ESCC cell lines (KYSE-150, TE-12, EC-109, and EC-9706) and normal human esophageal epithelial cell line (HET-1A) were purchased from the Chinese Academy of Science cell bank (Shanghai, China). All kinds of cell were cultured in RPMI-1640 medium (Invitrogen, USA) supplemented with 10% fetal bovine serum (Gibco, USA) under a humidified atmosphere with 5% CO 2 .
Quantitative real-time PCR (qRT-PCR)
Total RNAs of treated ESCC tissues and cells were prepared using TRIzol reagent (Invitrogen), and its quality was examined via NanoDro 2000c (Thermo Scientific, USA). Then, 2 μg total RNAs were adopted as template to synthesis cDNA by the use of PrimeScript RT Reagent (Takara, Dalian, China). The levels of PIK3C3 and miR-340-5p was detected through a SYBR Premix Taq (Takara) and miScript SYBR-Green kit (Takara), respectively. PCR reaction was conducted on an ABI 7300 Real-Time system (Ambion, USA) with the following parameters: 95°C for 60 seconds, 35 cycles of 95°C for 20 seconds, 58°C for 35 seconds and 72°C for 40 seconds. Primers are shown in Table 1 .
RNA transfection
The pCMV6/PIK3C3, pCMV6/control, miR-340-5p mimics, miR-340-5p ASO, and negative control (miR-NC) were all e920642-2 designed and provided by GenePharma (Shanghai, China). ESCC cells (2×10 5 cells/well) were seeded into 96-well plates and cultured at 37°C for at least 8 hours. Next, these cells were transfected with indicated RNAs using the Lipofectamine 3000 (Invitrogen).
Cell proliferation assessment
Cell viability of KYSE-150 and TE-12 cells was estimated by 3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay and colony formation. For MTT assay, in brief, exponentially growth ESCC cells were harvested and re-seeded into 96-well plates and cultured overnight. MTT solution (20 μL) was added into each well and cultured for another 4 hours. Next, the absorbance of each well was measured through a microplate reader at 490 nm. For colony formation experiment, treated exponentially growth ESCC cells were harvested and re-seeded into 35-mm culture dishes and cultured for 2 weeks. Next, colonies were fixed using 4% paraformaldehyde and stained with Giemsa solution. The colony number was counted manually under a microscope at 10x magnification.
Cell cycle and apoptosis analysis
Cell distribution of ESCC cells was tested via propidium iodide (PI) staining followed by flow cytometry analysis. In brief, after fixed in 75% ethanol for 8 hours, cells were washed using phosphate-buffered saline (PBS) for 3 times (5 minutes per time). Next, cells were stained with PI staining buffer (BD Pharmingen, USA) for cell distribution analysis using a flow cytometry (FACSCalibur, BD Biosciences, USA). For cell apoptosis detection, treated ESCC cells were stained with PI and Annexin V-FITC for 15 minutes at room temperature, then used for cell apoptosis analysis using a flow cytometry.
Western blot analysis and immunohistochemistry (IHC)
Total proteins of treated ESCC cells were extracted using RIPA buffer (Sigma, USA) following the instructions of manufacturers. After qualifying the density of proteins, 50 μg protein samples were loaded and separated by 10% (sodium dodecyl sulphate-polyacrylamide gel electrophoresis) SDS-PAGE. Next, the target proteins were transferred into polyvinylidene difluoride (PVDF) membranes at -4°C followed by 2 hours incubation with 5% non-fat milk and 8 hours incubation with primary antibodies that against PIK3C3 (Rabbit, 1: 3000, ab124905, Abcam, UK). After washed with PBS for 3 times, the membranes were incubated with horse-radish peroxidase (HRP)-conjunct secondary antibodies and the signals were visible using electrochemiluminescence (ECL) reagent (Bio-Rad). Formalin fixed, paraffin embedded tissues were cut into 5-μm thick sections, then blocked with 5% goat serum and incubated for 20 minutes at room temperature before washed. PIK3C3 was detected by rabbit monoclonal primary antibody (EPITOMICS) at a dilution of 1: 400 for 30 minutes. The sections were subsequently incubated with biotinylated, goat anti-rabbit immunoglobulin (Vector Laboratories, Burlingame, CA) and developed with Vectastain Elite BCA kit (Vector Laboratories) as chromogen according to the manufacture's recommendation.
Dual-luciferase reporter assay
The interplay between miR-340-5p and PIK3C3 was validated by dual-luciferase reporter assay in KYSE-150 and TE-12 cells. The wild type (WT) and mutant (Mut) parts of PIK3C3 3'-UTR containing the miR-340-5p binding sequences were inserted into the pCMV6 (Origene, Rockville, MD, USA) to form pCMV6/PIK3C3-wt and pCMV6/PIK3C3-mut, respectively. pCMV6/PIK3C3-wt or pCMV6/PIK3C3-mut was co-transfected into KYSE-150 and TE-12 cells with miR-340-5p mimics or miR-340-5p ASO. The alterations of luciferase intensity were monitored using a dual-luciferase assay system (Promega) kit.
Statistical analysis
Statistical analysis was conducted on GraphPad Prism (Version 7.0, USA) using one-way ANOVA analysis or Student t-test and data were showed as mean±standard deviation (SD). P<0.05 was considered statistically significant. 
Results
PIK3C3 was identified to be downregulated in ESCC
To identify genes that are involved in the tumorigenesis of ESCC, we analyzed the different expressed genes in the GSE100942 dataset. Among these dysregulated genes, we focused our interest on PIK3C3, which was identified to be downregulated in GSE100492 ( Figure 1A ). We then analyzed the level of PIK3C3 in normal and ESCC samples in GSE100492 by GEO2R, and the results suggested that the PIK3C3 level was significantly lower in the ESCC samples than in the normal tissues samples, the online bioinformatic tool GEPIA also showed the same results ( Figure 1B, 1C) . To further validate the downregulation of PIK3C3 in ESCC, we detected its expression in 31 pairs of ESCC and normal clinical tissue specimens through qRT-PCR. Compared to the normal group, the level of PIK3C3 was remarkably downregulated in the ESCC group, IHC assay also showed that the expression level of PIK3C3 was downregulated in ESCC tissues compared with matched adjacent normal tissues (*** P<0.001, Figure 1D ). Meanwhile, we measured the level of PIK3C3 in 4 ESCC cell lines (KYSE-150, TE-12, EC-109, and EC-9706). qRT-PCR data showed that PIK3C3 was markedly decreased in KYSE-150, TE-12, EC-109, and EC-9706 cell lines compared with HET1A (normal human esophageal epithelial cell line) (* P<0.05, Figure 1E ). In addition, we revealed that ESCC patients with low PIK3C3 level exhibited a worse prognosis than those patients with high PIK3C3 level by online tool Kaplan-Meier Plotter ( Figure 1F ). The correlations between PIK3C3 and clinical characteristics of patients with ESCC were also analyzed ( Table 2 ). These findings indicated that PIK3C3 was decreased in ESCC and associated with a poor prognosis, implying it might be involved in the tumorigenesis of ESCC.
PIK3C3 overexpression suppressed ESCC cell proliferation
To figure out whether PIK3C3 plays a role during ESCC tumorigenesis, we overexpressed its expression in vitro and then examined its effects on ESCC cell proliferation. We transfected KYSE-150 and TE-12 cells with pCMV6/PIK3C3 followed by examination of overexpression efficiency with western blot. Compared to pCMV6/control transfected groups, PIK3C3 was remarkably upregulated in pCMV6/PIK3C3 transfected groups (Figure 2A ). MTT and colony formation assays were adopted to examine the influences of PIK3C3 overexpression on the cell proliferation viability of KYSE-150 and TE-12 cells. MTT data suggested that PIK3C3 overexpression obviously attenuated the cell viability of KYSE-150 and TE-12 cells (* P<0.05, Figure 2B ). 
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Colony formation data indicated that PIK3C3 overexpression resulted in a remarkable reduction of colony number in KYSE-150 and TE-12 cells (* P<0.05, Figure 2C ). Moreover, flow cytometry was used to analyze the influences of PIK3C3 overexpression on cell cycle of KYSE-150 and TE-12 cells, and results demonstrated that PIK3C3 overexpression remarkably reduced the cell number of S phase in both KYSE-150 and TE-12 cells (* P<0.05, Figure 2D ). Taken together, PIK3C3 overexpression was proved to repress ESCC cell proliferation in vitro.
PIK3C3 overexpression increased the sensitivity of ESCC cell to irradiation
We then examined whether PIK3C3 plays a role in the irradiation treatment of ESCC. By detecting the relative level of PIK3C3 in KYSE-150 and TE-12 cells after 0, 12, and 24 hours of 4 Gy irradiation, we found that relative mRNA expression of PIK3C3 was markedly increased in a time-dependent manner under 4 Gy irradiation in KYSE-150 and TE-12 cells (* P<0.05, Figure 3A , 3B). Moreover, by treating cells with different dose 
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irradiation (0, 2, and 4 Gy), we revealed that the relative mRNA expression of PIK3C3 was increased in a dose-dependent manner in KYSE-150 and TE-12 cells (* v<0.05, Figure 3C, 3D) . Therefore, PIK3C3 was demonstrated to be an irradiationinducible protein in ESCC. We then examine the effects of PIK3C3 overexpression on ESCC cell proliferation and apoptosis under irradiation treatment (4 Gy) via colony formation and flow cytometry analysis. As colony formation data suggested that overexpression of PIK3C3 markedly reduced the number of colonies under 4 Gy irradiation compared to control group (* P<0.05, Figure 3E ). Cell apoptosis analysis indicated that PIK3C3 overexpression markedly increased the apoptosis rate of KYSE-150 and TE-12 cells under 4 Gy irradiation treatment (* P<0.05, Figure 3F ). Taken together, our findings suggested that PIK3C3 overexpression increased the cellular response to irradiation. To understand the underlying molecular mechanisms of PIK3C3 during ESCC, we screened the target miRNAs of PIK3C3 through 3 different software (microRNA, Targetscan and miRWalk). MiR-381-3p and miR-340-5p were identified by all the 3 software ( Figure 4A ). To evaluate the correlation between miR-381-3p or miR-340-5p and PIK3C3, we conducted Pearson's correlation analysis in 162 ESCC samples from starBase database. Results suggested that the expression of miR-340-5p or miR-381-3p was negatively or positively correlated with PIK3C3 expression in ESCC samples, and the Pearson's correlation coefficient was -0.076 and 0.017, respectively ( Figure 4B ). So, miR-340-5p was selected for further study. Bioinformatics analysis predicted that the 3'-UTR of PIK3C3 possesses miR-340-5p binding sites ( Figure 4C ). Dual-luciferase experiment was subsequently adopted to validate the interplay between miR-340-5p and PIK3C3. As results indicated that co-transfection of miR-340-5p ASO and PIK3C3-3'-UTR-wt markedly increased the luciferase activity, while cotransfection of miR-340-5p mimics and PIK3C3-3'-UTR-wt markedly attenuated the luciferase intensity (* P<0.05, Figure 4C ). The luciferase intensity of cells driven by PIK3C3-3'-UTR-mut was not affected by miR-340-5p mimics and ASO. In addition, we estimated the protein expression level of PIK3C3 in miR-340-5p overexpressed and silenced KYSE-150 and TE-12 cells through western blot. Transfecting KYSE-150 and TE-12 cells with miR-340-5p mimics resulted in a significant downregulation of PIK3C3, while transfection of miR-340-5p ASO exhibited an opposite effect on PIK3C3 expression (* P<0.05, Figure 4D ).
PIK3C3 reversed the promotive effects of miR-340-5p on ESCC cell proliferation
Next, we examined the function of miR-340-5p in ESCC cell proliferation by silencing its expression in vitro. By using MTT assay, we found that cell viability of KYSE-150 and TE-12 cells treated with anti-miR-340-5p were markedly increased compared e920642-9 to control group (* P<0.05, Figure 5A , 5B). Moreover, co-transfection of anti-miR-340-5p and PIK3C3 reversed the upregulation of cell viability of KYSE-150 and TE-12 cells induced by miR-340-5p knockdown ( Figure 5A, 5B ). In the colony formation experiment, we demonstrated that miR-340-5p knockdown could remarkably increase the colony number in KYSE-150 and TE-12 cells, however, co-transfection of anti-miR-340-5p and PIK3C3 blocked this phenomenon (* P<0.05, Figure 5C, 5D ). qRT-PCR analysis showed that miR-340-5p was markedly upregulated in the ESCC tissue samples compared to the normal counterparts (* P<0.05, Figure 5E ). The correlations between miR-340-5p and clinical characteristics of patients with ESCC were also analyzed ( Table 3 ). In addition, a negative correlation was observed between the level of miR-340-5p and PIK3C3 in ESCC samples ( Figure 5F ). These results indicated that PIK3C3 could reverse the promotive effects of miR-340-5p on ESCC cell proliferation.
Discussion
PIK3C3 is known as an autophagy-related protein, inhibition of PIK3C3 was reported to prevent autophagy and synergize with MTOR inhibition in cancer cells [18] . Several PI3K blockers, including 3-methyladenine, LY294002 and wortmannin, have been developed as autophagy repressor, however, they exhibit extremely low selectivity in PIK3C3 [19, 20] . Miller et al. (2010) identified the structure of PIK3C3, not only offering a novel insight into the catalytic mechanisms of PIK3C3, but also providing physical support to the development of effective and selective PIK3C3 repressors [21] . Currently, SAR405 is considered to be one of the most effective PIK3C3 repressor with a binding equilibrium constant of 1.5 nmol/L [22] . Research on SAR405 indicates that the catalytic activities of PIK3C3 are indispensable for keeping the size of late endosomes/lysosomes and properties of lysosomes during vesicle trafficking. Moreover, repressing PIK3C3 via SAR405 could suppress the process of autophagy caused by nutrient starvation [18] . All these findings suggest that PIK3C3 might be involved in the tumorigenesis of various human tumors such as bladder cancer, leukemia, and so on [9, 23] . Nevertheless, there is almost no publication addressing the role of PIK3C3 during the tumorigenesis of ESCC. In a pilot case-control research of ESCC patients and matched controls, a total of 38 single nucleotide polymorphisms correlated with ESCC were found in 33 genes, which including PIK3C3 [24] . In the present study, PIK3C3 was proven to be downregulated in ESCC. In order to confirm its role in ESCC, we overexpressed its expression in vitro followed 
